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FIG. 2 (PRIOR ART) 
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COLOR SEPARATING UNIT AND PROJECTION 
TYPE IMAGE DISPLAY APPARATUS EMPLOYING 

THE SAME 

0001. This application claims the priorities of Korean 
Patent Application No. 2003-14152 and Korean Patent 
Application No. 2003-42770, respectively filed on Mar. 6, 
2003 and Jun. 27, 2003, in the Korean Intellectual Property 
Office, and Provisional U.S. Patent Application No. 60/464, 
092, filed on Apr. 21, 2003, in the U.S. Patent and Trademark 
Office, the disclosures of which are incorporated herein in 
their entirety by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a color separating 
unit having an improved color Separation Structure and a 
projection type image display apparatus employing the same 
which can illuminate a color light beam at a high optical 
efficiency and make a compact optical System. 
0004 2. Description of the Related Art 
0005. In general, a projection type image display appa 
ratus is a System for providing a large picture by magnifying 
and projecting an image, which is generated from a micro 
display, that is, a light valve, Such as a liquid crystal display 
or a digital micromirror display, onto a Screen by using a 
projection optical System. 

0006 The image display apparatus can be classified into 
a one-panel type and a three-panel type according to the 
number of the employed micro displayS. The three-panel 
type image display apparatus which uses three light valves 
arranged on optical paths separated for red, blue, and green 
has a high optical efficiency, but optical configuration 
thereof is complex and a manufacturing cost is high, com 
pared to the one-panel type image display apparatus. 
0007. The one-panel type image display apparatus typi 
cally adopts a color wheel to periodically change an input 
white light beam into red, blue, and green beams, which is 
advantageous in the Simplified configuration. However, by 
adopting the color wheel, loSS in the amount of light by % 
occurs So that the optical efficiency is lowered compared to 
the three panel type. To address the above problem, an 
improved one-panel type image display apparatus has been 
suggested as shown in FIG. 1. 
0008 Referring to FIG. 1, in a conventional one-panel 
type image display apparatus, an unpolarized white light 
beam is generated and radiated by a light Source 11. The 
radiated white light beam becomes a uniform beam while 
passing through a fly eye lens array 13 for mixing an input 
beam to make a uniform beam and then proceeds toward a 
polarization conversion System 15. The polarization conver 
Sion System 15 converts the polarization direction So that the 
unpolarized white light beam emitted from the light Source 
11 becomes a white light beam having one polarization 
direction. The white light beam passing through the polar 
ization conversion System 15 is separated into red, blue, and 
green beams by first and second dichroic mirrors 17 and 19. 
That is, the first dichroic mirror 17 reflects a blue wave 
length beam of the input white light beam and transmits the 
other beams thereof. The transmitting beam is separated into 
a green beam and a red beam by the Second dichroic mirror 
19. 
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0009 First through third scanning prisms 21, 23, and 25 
which periodically Scrolls the input beam are arranged on 
the optical paths for the respective Separated colors. Each of 
the first through third Scanning prisms 21, 23, and 25 has a 
rectangular column shape and is rotated by a driving Source 
(not shown). As each of the first through third Scanning 
prisms 21, 23, and 25 is rotated by the driving Source, an 
angle formed by an optical axis and a side wall of the prism 
changes on the optical path So that the proceeding path of the 
light beam passing through the prism changes periodically. 
0010. The initial angles of the first through third scanning 
prisms 21, 23, and 25 are set such that the light beams 
transmitting the first through third Scanning prisms 21, 23, 
and 25 are radiated by dividing an effective image area of a 
display device 33 into three regions while the first through 
third Scanning prisms 21, 23, and 25 rotate on the optical 
path. Thus, according to the driving State of the first through 
third scanning prisms 21, 23, and 25, as shown in FIG. 2, the 
Separated color light beams are Scanned in the effective 
image area of the light valve 33 by repeating an order of (B, 
R, G)->(G, B, R)->(R, G, B). 
0011. The light beams passing through the first through 
third Scanning prisms 21, 23, and 25 are Synthesized by the 
third and fourth dichroic mirrors 27 and 29. Reflection 
mirrors 18 and 20 are arranged between the first dichroic 
mirror 17 and the third dichroic mirror 27, and the second 
dichroic mirror 19 and the fourth dichroic mirror 29, respec 
tively, to change the proceeding path of the light beam. 
0012. The light beam scrolled and passing through the 
fourth dichroic mirror 29 is incident on a polarizing beam 
splitter 31 which transmits or reflects the incident beam 
according to the polarization of the light beam. The light 
beam reflected by the polarizing beam splitter 31 is peri 
odically scrolled, as shown in FIG. 2, and incident on the 
light valve 33. The light valve 33 controls the incident beam 
in unit of pixels to form an image. The image is generated 
by changing the polarization of an output beam in unit of 
pixels. The light beam having a polarization different from 
that of the incident beam transmits the polarizing beam 
splitter 31 and proceeds toward the projection lens unit 35. 
The projection lens unit 35 magnifies and projects the input 
image onto a Screen 50. 
0013 The image display apparatus includes a plurality of 
relay lenses 41, . . . , 48 on the optical path to transfer the 
light beam emitted from the light source 11 to the light valve 
33. 

0014. However, although the optical configuration of the 
conventional image display apparatus adopts the Single light 
Valve to realize a color image, the optical configuration 
thereof is very complex. 

SUMMARY OF THE INVENTION 

0015 To solve the above and/or other problems, the 
present invention provides a color Separating unit having an 
improved color Separation Structure and a projection type 
image display apparatus employing the same having an 
improved Structure to Scroll color light beams Separated by 
the color Separating unit So that a compact optical System is 
obtained and a color light beam is illuminated at a high 
efficiency. 
0016. According to an aspect of the present invention, an 
image display apparatus comprises at least one light Source 
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to generate and radiate a light beam, a color Separating unit 
to Separate the light beam emitted from the light Source into 
a plurality of color light beams and make at least one of the 
Separated color light beams and the other color light have 
different polarizations, a plurality of light valves to form an 
image by controlling at least one of the color light beams 
Separated by the color Separating unit and emitted therefrom, 
in the unit of pixel according to input image signals, and an 
image combiner to combine images generated by the light 
valves. 

0.017. The color separating unit comprises a plurality of 
dichroic mirror Surfaces which reflect a particular color light 
only and are inclined with respect to a direction in which the 
light beam emitted from the light Source and Separated from 
each other, and at least one polarization changer to make the 
color light beam and the other color light beams have 
different polarizations. 
0.018. The color separating unit has a rod type single body 
Structure. 

0019. The color separating unit comprises a plurality of 
dichroic prisms having the dichroic mirror Surfaces to reflect 
different color light beams. 
0020. The polarization changer is disposed between the 
dichroic mirror Surfaces, in a part of an exit Surface where 
the Separated color light beams exit, or on a proceeding path 
of at least one of the color light beams Separated by the 
dichroic mirror Surfaces. 

0021. The light valves comprises a first light valve form 
ing an image by using at least one color light having one 
polarization, and a Second light valve forming an image by 
using the other color light having the other polarization. 

0022. The image combiner comprises a polarizing beam 
Splitter Selectively transmitting or reflecting incident color 
light beams having different polarizations to proceed toward 
the first and Second light valves, and the color light beams 
are separated according to the polarization thereof and 
illuminated to the first and Second light valves So that 
combine images generated by the first and Second light 
valves. 

0023 The image combiner comprises a pair of wave 
plates disposed between the polarizing beam splitter and the 
first light valve and between the polarizing beam splitter and 
the Second light valve, to change the polarization of incident 
light. 

0024. The color separating unit separates the light beam 
emitted from the light Source into three or more color light 
beams and makes at least one of the Separated color light 
beams and the other color light beams have different polar 
izations. 

0.025 According to another aspect of the present inven 
tion, an image display apparatus comprises at least one light 
Source to generate and radiate a light beam, and a color 
Separating unit having four or more dichroic mirror Surfaces 
which reflect different color lights, where the mirror Surfaces 
are inclined to a direction in which the light beam emitted 
from the light Source proceeds, and are separated from one 
another, to Separate the light beam emitted from the light 
Source into four or more color light beams. The color 
Separating unit has a rod type structure, and at least one light 
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Valve to form an image by controlling the color light beams 
by unit of pixels according to an input image Signal. 
0026. The color separating unit comprises four or more 
dichroic prisms having the dichroic mirror Surfaces which 
reflect different color light beams. 
0027. The color separating unit further comprises at least 
one polarization changer which makes at least one color 
light beam of the four or more color light beams Separated 
by the dichroic mirror Surfaces and the other color lights 
thereof have different polarizations. 
0028. The light valve comprises a first light valve form 
ing an image by using at least one color light having one 
polarization, and a Second light valve forming an image by 
using the other color light having the other polarization, and 
further comprising an image combiner to combine images 
generated by the first and Second light valves. 
0029. The color separating unit separates the light beam 
emitted from the light Source into a cyan beam C, a blue 
beam B, a red beam R, and a green beam G, or a blue beam 
B, a cyan beam C, a magenta beam M, a red beam R, a green 
beam G, and a yellow beam Y. 
0030 The image display apparatus further comprises a 
polarization aligner which is provided at an input end of the 
color Separating unit to align the light beam emitted from the 
light Source in one polarized beam to be incident on the color 
Separating unit. 
0031. The image display apparatus further comprises at 
least one Scrolling unit to Scroll the color light beams 
Separated by the color Separating unit. 
0032. The color separating unit comprise at least one lens 
cell formed to convert a rotational motion thereof to a linear 
motion of a lens array. 
0033 Assuming that at least one of the color light beams 
Separated by the color Separating unit is a first color light 
group and at least one of the other color light beams is a 
Second color light group, the color Separating unit Separates 
the first and Second color light groups from each other So 
that the light beams of the first and Second color light groups 
are incident on the Scrolling unit by being Separated from 
each other. 

0034. The color separating unit is provided to make the 
light beams of the first and Second color light groups have 
different polarizations. 
0035. The scrolling unit comprises a single scrolling unit 
or a pair of Scrolling units. 
0036) The image display apparatus further comprises an 
optical block to combine proceeding paths of the light beams 
of the first and Second color light groups passing through the 
Scrolling unit. 
0037. The optical unit comprises a first reflection surface 
to reflect the light beam of one of the first and second color 
light groups, and a Second reflection Surface to Selectively 
transmit and reflect the light beam of one color light group 
reflected by the first reflection Surface and the light beam of 
the other color light group, So as to combine optical paths of 
the light beams. 
0038. The optical unit is a scroll changing prism which 
changes a Scroll direction by reversing through a process of 
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reflecting a color bar to at least one color light beam passing 
through one effective area of the Scroll unit, and Selectively 
transmits and reflects at least one color light incident thereon 
with a Scroll changed in the reflection process and the other 
color light beam passing through the other effective area of 
the Scrolling unit. The optical unit also combines the optical 
paths of the light beams of the first and Second color light 
groupS. 

0.039 The scroll changing prism has a shape of an Amichi 
prism. 
0040. The optical unit selectively transmits and reflects at 
least one color light incident thereon with a Scroll changed 
in the reflection process and the other color light beam 
passing through the other effective area of the Scrolling unit, 
according to polarization So as to combine the optical paths 
of the light beams of the first and Second color light groups. 
0041. The color light beams separated by the color sepa 
rating unit are incident on the same effective area of the 
Scrolling unit. 
0.042 At least one lens cell of the scrolling unit is spiral. 
0043. The lens cell of the scrolling unit is a cylindrical 
lens. 

0044) The scrolling unit comprises first and second spiral 
lens discS Separated from each other in a direction in which 
the light beam proceeds and having the lens cell formed on 
each of the first and Second spiral discs. 
004.5 The image display apparatus further comprises a 
glass rod provided on the optical path between the first and 
Second Spiral lens discs. 
0046) The image display apparatus further comprises at 
least one first cylindrical lens disposed on the optical path 
between the light Source and the Scrolling unit to control a 
width of the light beam incident on the Scrolling unit, and at 
least one Second cylindrical lens disposed on the optical path 
of the light beam passing through the Scrolling unit to 
change the light beam passing through the Scrolling unit a 
parallel beam. 
0047 The image display apparatus further comprises a 
fly eye lens array disposed on an optical path of the light 
emitted from the Scrolling unit, to make color light beams 
scrolled by the scrolling unit form color bars in different 
CS. 

0.048. The image display apparatus further comprises a 
relay lens disposed on an optical path of the light beam 
passing through the fly eye lens array, to have the color bar 
formed by the fly eye lens array condensed at a predeter 
mined position. 
0049. The image display apparatus further comprises a 
Spatial filter disposed between the light Source and the color 
Separating unit to adjust a divergent angle of the light beam 
emitted from the light Source. 
0050. The image display apparatus further comprises a 
plurality of relay lenses disposed on optical paths of the 
color light beams emitted from the color Separating unit to 
make each of the emitted color light beams have a prede 
termined divergent angle. 
0051. According to yet another aspect of the present 
invention, a color Separating unit which Separates a light 
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beam emitted from the light Source into a plurality of color 
light beams and makes at least one of the Separated color 
light beams and the other color light beams have different 
polarizations. 
0052 The color separating unit comprises a plurality of 
dichroic mirror Surfaces which reflect different color light 
beams and are inclined with respect to a proceeding direc 
tion of an incident light beam and Separated from each other, 
and at least one polarization changer to make the color light 
beam and the other color light beams have different polar 
izations. 

0053. The color separating unit is of a rod type. 
0054 According to yet further another aspect of the 
present invention, a color Separating unit comprises four or 
more dichroic mirror Surfaces which reflect different color 
light beams, are inclined with respect to a proceeding 
direction of an incident light beam emitted from the light 
Source and Separated from one another, and Separating the 
incident light beam into four or more color light beams and 
being of a rod type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0055. The above and other features and advantages of the 
present invention will become more apparent by describing 
in detail preferred embodiments thereof with reference to the 
attached drawings in which: 
0056 FIG. 1 is a view illustrating the optical configura 
tion of a conventional one panel type projection image 
display apparatus employing a color illuminating System; 
0057 FIG. 2 is a view illustrating changes in the sepa 
rated color bar according to the operation of the Scanning 
prism of FIG. 1; 
0058 FIG. 3 is a view illustrating the optical configura 
tion of a color illuminating System according to a preferred 
embodiment of the present invention; 
0059 FIG. 4 is a perspective view illustrating the light 
Source and the color separating unit of FIG. 3; 
0060 FIG. 5 is a front view of the color separating unit 
of FIG. 4; 
0061 FIG. 6 is a perspective view illustrating another 
preferred embodiment of the color Separating unit; 
0062 FIG. 7 is a plan view of the spiral lens disc of FIG. 
3; 
0063 FIG. 8 is a perspective view of the spiral lens disc 
of FIG. 3; 
0064 FIG. 9 is a view illustrating the horizontal axis ray 
tracing by the cylindrical lens pair of FIG. 3; 
0065 FIG. 10 is a view illustrating the optical configu 
ration of a color illuminating System according to another 
preferred embodiment of the present invention; 
0066 FIG. 11 is a view illustrating the optical configu 
ration of a projection type image display apparatus accord 
ing to a first preferred embodiment of the present invention; 
0067 FIG. 12 is a view illustrating the optical configu 
ration of a projection type image display apparatus accord 
ing to a Second preferred embodiment of the present inven 
tion; 
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0068 FIG. 13 is a perspective view illustrating the scroll 
conversion prism of FIG. 12; 
0069 FIG. 14 is a view illustrating the optical configu 
ration of a projection type image display apparatus accord 
ing to a third preferred embodiment of the present invention; 
0070 FIG. 15 is a plan view illustrating the spiral lens 
disc of FIG. 14; 
0071 FIG. 16 is a view illustrating the optical configu 
ration of a projection type image display apparatus accord 
ing to a fourth preferred embodiment of the present inven 
tion; 
0.072 FIG. 17 is a view illustrating the optical configu 
ration of a color illuminating System according to yet 
another preferred embodiment of the present invention; and 
0.073 FIG. 18 is a view illustrating the optical configu 
ration of a projection type image display apparatus accord 
ing to a fifth preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.074 Referring to FIG. 3, a color illuminating system 
according to a preferred embodiment of the present inven 
tion, which is employed in a projection type image display 
apparatus, includes a light Source 60 radiating a white light 
beam and a color Separating unit 70 Separating the white 
light beam emitted from the light Source 60 into a plurality 
of color light beams, preferably, three or more color light 
beams. Preferably, the color illuminating system further 
includes a scrolling unit 100 which periodically scrolls the 
color light beams Separated by the color Separating unit 70 
by a rotational motion. 
0075. The light source 60 generates and radiates a white 
light beam and includes a lamp 61 generating light and a 
reflection mirror 63 reflecting light emitted from the lamp 
and guiding the reflected light along a proceeding path. The 
reflection mirror 63 is oval or parabolic. That is, an oval 
mirror has one focus at the position of the lamp 61 and the 
other focus at a point where light is condensed. A parabolic 
mirror makes the light emitted from the lamp 61 and 
reflected by the reflection mirror 63 parallel. FIG. 3 shows 
a case of adopting an Oval mirror as the reflection mirror 63. 
0076. As shown in FIG. 3, when the light source 60 and 
the reflection mirror 63 are oval mirrors, a convergent light 
beam emitted from the light source 60 is condensed at a 
focal point and then divergent after the focus of the Oval 
mirror. Thus, a collimating lens 71 is preferably provided at 
an input end of the color Separating unit 70 to condense the 
light beam emitted from the light source 60 and make the 
condensed light beam a parallel beam. 
0077. The collimating lens 71 to make the light beam 
emitted from the light source 60 a parallel beam having a 
Small beam diameter is arranged Such that the diameter of 
the light beam emitted from the light source 60 can be 
reduced to a ratio of about 5:1. 

0078 Assuming that a divergence angle of a light beam 
emitted from at the light source 60 is +2 degrees, the 
divergence angle of a light beam reduced by the collimating 
lens 71 increases to t10 degrees according to the preserva 
tion of Etendue. The parallel beam having a beam diameter 
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reduced by the collimating lens 71 to the ratio of 5:1 is 
incident on the color separating unit 70. When the parallel 
beam which is reduced by Such an arrangement of the 
collimating lens 71 is incident on the color Separating unit 
70, the optical System can be made compact. 

0079. When the light source 60 has a parabolic mirror as 
the reflection mirror 63, a condensing lens (not shown) 
which converts a substantially parallel beam emitted from 
the light Source 60 into a condensing beam is preferably 
further included. In this case, the collimating lens 71 
changes the light beam which focuses at a focal point by the 
condensing lens, passes the focal point, and then diverges 
again, into a parallel beam. The collimating lens 71 is 
arranged Such that the beam diameter thereof can be reduced 
to a ratio of 5:1 compared to that of the light source emitted 
from the light source 60. 
0080. In the meantime, a spatial filter 65 having a slit is 
preferably further provided between the light source 60 and 
the collimating lens 71. The spatial filter 65 adjusts a 
divergent angle, or Etendue, of the light beam emitted from 
the light source 60. When an oval mirror is provided as the 
reflection mirror 63, the spatial filter 65 is disposed at the 
focal point of the oval mirror. Here, when a parabolic mirror 
is provided as the reflection mirror 63 and a condensing lens 
is further provided, the spatial filter 65 is preferably disposed 
at the focal point of the condensing lens. 
0081. The spatial filter 65 is preferably provided to adjust 
the width of the slit in a color separating direction by the 
color Separating unit 70 or in a color Scrolling direction by 
the scrolling unit 100. 

0082) When the Etendue or the divergent angle of the 
incident light beam of the optical System of the projection 
type image display apparatus according to the present inven 
tion is adjusted by using the Spatial filter 65, a plurality of 
color bars formed on an upper Surface, that is, a light valve, 
can be clearly Separated So that the quality of an image can 
be improved. That is, when the light beam emitted from the 
light source 60 is divergent over an allowable angle of the 
optical System, an overlapping portion may occur between 
the color bars formed on the light valve. Then, the light beam 
over the allowable angle of the optical System is removed by 
using the spatial filter 65 so that the color bars can be clearly 
Separated. 

0083) When a black bar is formed by adjusting the width 
of the Slit and reducing the area of the color bars, as 
necessary, and when an LCD device is used as the light 
Valve, an image Signal proceSS can be Smoothly performed. 
That is, in a case in which an LCD device is used as the light 
Valve, when the color bars are continuously Scrolled, the 
image Signal changes whenever the color bars change. It 
may be difficult to continuously process the changed image 
Signal. In this case, the time for processing the image Signal 
between the color bars is needed and the black bar is needed 
between the color bars to obtain the time. This can be solved 
by appropriately adjusting the width of the Slit of the Spatial 
filter 65. 

0084. Here, Etendue indicates the optical preservation 
physical quantity of an optical System. ASSuming that a start 
point of the optical System is the light Source and an object 
is the light valve, and when the Etendue of the light Source 
is greater than that of the entire System, the area of the color 



US 2004/0233342 A1 

bars increases So that a phenomenon that the colors are 
mixed at a boundary Surface of the respective color bars 
occurs. When the Etendue of the light source is smaller than 
that of the entire System, Since the area of the color bars 
increases, the area of the black bar decreases So that the 
black bar is generated between the respective color bars. 
0085 Thus, by providing the spatial filter 65, the Etendue 
can be controlled So that the colors are prevented from being 
mixed at the boundary surface of the color bars. The black 
bar can be formed between the respective color bars, if 
neceSSary. 

0.086 Here, the spatial filter 65 can be variously changed 
according to the purpose thereof. For example, when the 
spatial filter 65 is formed to independently adjust the area of 
each color bar, a color gamut can be improved and a color 
balance can be adjusted. 
0087. The color separating unit 70 separates the light 
beam emitted from the light source 60 into a plurality of 
color light beams, for example, three or more color light 
beams. The color separating unit 70 preferably has a struc 
ture to make one of the Separated color light beams have 
polarization different from that of the other separated color 
light beams. Here, the color separating unit 70 may be 
provided to Separate the light beam emitted from the light 
Source 60 into three through eight color light beams. Pref 
erably, the color Separating unit 70 is provided to Separate 
the incident light beam into four or more color light beams. 
FIG. 3 shows an example that the color separating unit 70 
separates a white light beam emitted from the light source 60 
into four color light beams. 
0088. The color separating unit 70 is inclined with 
respect to a proceeding direction of the light beam emitted 
from light Source 60, and Separated therefrom, to Separate 
the incident light beam by color. The color separating unit 70 
has a plurality of dichroic mirror surfaces 80, 82,84, and 86 
for reflecting different color light beams. Here, the number 
of the dichroic mirror Surfaces 80, 82,84, and 86 is the same 
as that of the color light beams to be separated. The color 
separating unit 70 preferably further includes at least one 
polarization changer 88 Such that at least one of the Sepa 
rated color light beams and at least one of the other separated 
color light beams have the same polarization. 
0089. The color separating unit 70, as shown in FIGS. 3 
through 5, includes four dichroic mirror Surfaces 80, 82,84, 
and 86, which are separated from one another and Separate 
the white light beam emitted from the light source 60 into 
four color light beams, and the polarization changer 88 
provided between the two dichroic mirror Surfaces 82 and 84 
So that two color light beams emitted from the light Source 
60, and reflected by the two dichroic mirror Surfaces 80 and 
82, and two color light beams reflected by the other two 
dichroic mirror surfaces 84 and 86 have different polariza 
tions from each other. Here, the four color light beams may 
be cyan (C), blue (B), red (R), and green (G). 
0090 FIG. 4 is a magnified perspective view illustrating 
a portion of the color separating unit 70 of FIG. 3. FIG. 5 
is a front view of the color separating unit of FIG. 4. 
0091. The color separating unit 70, as shown in FIGS. 3 
through 5, is preferably formed as a rod type single body in 
which first through fourth dichroic prisms 79, 81, 83, and 85 
include dichroic mirror surfaces 80, 82, 84, and 86, respec 
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tively, and reflects particular color light beams and Separate 
incident light Linto first through fourth color light beams L, 
La, L, and L, which are integrally formed. 
0092. When the color separating unit 70 is formed to 
have a rod type structure by using the dichroic prisms 79, 81, 
83, and 85, light input at an angle greater than the critical 
angle Satisfying an internal total reflection condition is 
totally reflected by a Surface forming the outer appearance of 
the color Separating unit 70. Thus, the color Separating unit 
70 can increase an efficiency in use of the incident light L. 
0093. The first dichroic prism 79 has a first dichroic 
mirror Surface 80 arranged inclined to the proceeding direc 
tion of the incident light L, that is, an optical axis. The first 
dichroic mirror surface 80 transmits a first color light beam 
L1 of the incident light L and transmits the other light beam. 
For example, the first dichroic mirror Surface 80 reflects a 
cyan beam C and transmits beams of the other wavelengths. 
0094. The second dichroic prism 81 is arranged close to 
the first dichroic prism 79 and includes a second dichroic 
mirror surface 82 which is inclined to the optical axis of the 
incident light L. The second dichroic mirror Surface 82 
reflects a second color light L, for example, a blue beam B, 
and transmits the other light beam. 
0.095 The third dichroic prism 83 is arranged close to the 
second dichroic prism 81 and includes a third dichroic 
mirror surface 84 which is inclined to the optical axis of the 
incident light. The third dichroic mirror surface 84 reflects a 
third color light L, for example, a red beam R. 
0096. The fourth dichroic prism 85 is arranged close to 
the third dichroic prism 83 and includes a fourth dichroic 
mirror surface 86 which is inclined to the optical axis of the 
incident light. The fourth dichroic mirror surface 86 reflects 
a fourth color light L4, for example, a green beam G. The 
fourth dichroic mirror surface 86 may be replaced with a 
total reflection mirror capable of totally reflecting the inci 
dent light. 

0097. The first through fourth dichroic prisms 79, 81, 83, 
and 85 totally reflect light incident on the surface forming 
the outer appearance at an angle greater than the critical 
angle Satisfying an internal total reflection condition due to 
a difference in the refractive index between the dichroic 
prisms and the external air. 
0098. In the above rod type color separating unit 70, 
among the first through fourth color light beams reflected by 
the first through fourth dichroic mirror surfaces 80, 82, 84, 
and 86, the first through fourth color light beams L,L,L, 
and L of the range shown in FIG. 4 are used as effective 
light while the other light beams are not used. 
0099. In the preferred embodiments described with ref 
erence to FIGS. 3 through 5 and thereafter, the color 
Separating unit 70 according to the present invention has a 
rod type Structure incorporating a plurality of dichroic 
prisms, which is a mere exemplary. That is, the color 
Separating unit 70 according to the present invention can be 
formed of a rod type Single body Structure in which a 
plurality of dichroic mirror Surfaces are used. For example, 
first through fourth dichroic mirror surfaces 80, 82,84, and 
86 which reflect different color light beams separated apart 
from one another are combined by a housing (not shown). 
Also, the color Separating unit 70 according to the present 
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invention is not formed of a single body Structure and has a 
plurality of dichroic mirror Surfaces and at least one polar 
ization changer. 
0100. The color separating unit 70 according to the 
present invention, for example, assuming that at least one 
color light among the first through fourth color light beams 
L1, L2, La, and L is a first color light group LA and that at 
least one of the remaining color light beams is a Second color 
light group LB, the first and Second color light beams LA 
and LB are separated from each other So that the light beam 
of the first color light group LA and the Second color light 
group LB are incident on the scrolling unit 100 by being 
Separated from each other. Here, in consideration of the 
scrolling operation of the scrolling unit 100 and the use of 
two light valves, the polarization changer 88 is preferably 
arranged to make the polarizations of the light beams of the 
first and Second color light groups LA and LB different from 
each other. 

0101 To separate the first and second color light groups 
LA and LB, the color separating unit 70 further includes an 
optical block 87, as shown in FIGS. 3 through 5. 
0102 FIGS. 3 through 5 show a case in which the first 
color light group includes the first and Second color light 
beams L and L, for example, a cyan beam C and a blue 
beam B, reflected by the first and second dichroic mirror 
surfaces 80 and 82, the second color light group includes the 
third and fourth color light beams L and L, for example, a 
red beam R and a green beam G, reflected by the third and 
fourth dichroic mirror Surfaces 84 and 86, and the optical 
block 87 is provided between the second and third dichroic 
mirror Surfaces 82 and 84. 

0103) When each of the first and second color light 
groupS LA and LB includes two color light beams, the 
polarization of the light beams of the first and Second color 
light groupS LA and L are different from each other, and the 
image display apparatus having a like color illuminating 
system includes two light valves. As described later with 
reference to FIGS. 11, 12, 13, and 14, each light valve 
displays an image for two color light beams and a color 
image is displayed by mixing images formed by the respec 
tive light valves on a Screen. 
0104. Alternatively, the optical block 87 can be posi 
tioned in the color separating unit 70 such that the first color 
light group LA includes the first color light L and the Second 
color light group L includes the Second through fourth 
color light beams L,L, and L, or the first color light group 
LA includes the first through third color light beams L,L, 
and L and the Second color light group L includes the 
fourth color light L only. In this case, when the image is 
displayed by using two light valves, each light valve gen 
erates an image for one color light or three color light beams. 
A color image is displayed by mixing the image formed by 
the respective light valves on the Screen. In this case, when 
an image is displayed by using two light valves, each light 
Valve generates an image for one color light and three color 
light beams and the image formed by the respective light 
Valves are mixed on a Screen So that a color image is 
displayed. 

0105. When the separation distance between the light 
beam of the first color light group LA and the light beam of 
the Second color light group L is increased by using the 
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optical block 87, as set forth below, the light beams of the 
first and Second color light groups LA and L proceed toward 
at least two effective areas A and B, of FIG. 7, of the spiral 
lens disc 101 of the single scrolling unit 100, or the effective 
areas C and D, of FIG. 15, of different spiral lens discs 101, 
to avoid the position of a driving source 105, of FIG. 8, of 
the spiral lens disc 101. 
0106 Thus, by appropriately setting the separation dis 
tance between the light beams of the first and Second color 
light groups LA and LB by disposing the optical block 87 
between the dichroic mirror Surfaces reflecting the light 
beams of the first and Second color light groupS LA and LB, 
the amount of light incident on the effective areas A and B 
of the spiral lens disc 101 of the scrolling unit 100 can be 
maximized So that a light use efficiency is improved. 

0107. In FIGS. 3 through 5, to make the light beams of 
the first and Second color light groupS LA and LB have 
different polarizations, the polarization changer 88 is 
arranged between the dichroic mirror Surface, for example, 
the Second dichroic mirror Surface 82, reflecting color light 
included in the first color light group LA and the dichroic 
mirror Surface, for example, the third dichroic mirror Surface 
84, reflecting color light included in the Second color light 
group LB. 

0108. In his case, the polarization changer 88 is disposed 
close to the optical block 87. A half wave plate may be 
provided as the polarization changer 88 which makes the 
color light beams included in the Second color light group 
L. have a P polarization, for example, when the color light 
beams included in the first color light group LA have an S 
polarization, for example. 

0109). When the optical block 87 and the polarization 
changer 88 are provided, the light beam of the first color 
light group LA having one polarization and the light beam of 
the Second color light group L having the other polarization 
are emitted from of the color separating unit 70, by being 
Separated from each other. 

0110. In FIGS. 3 through 5, the color, separating unit 70 
according to a preferred embodiment of the present inven 
tion includes a Single polarization changer So that the light 
beams of the first and Second color light groupS LA and LB 
have different polarizations. However, the position and 
number of the polarization changer may vary. 

0111 For example, when the polarization changers func 
tioning as a half wave plate are arranged between the first 
and second dichroic mirror Surfaces 80 and 82, between the 
Second and third dichroic mirror Surfaces 82 and 84, and 
between the third and fourth dichroic mirror Surfaces 84 and 
86, assuming that the first color light L. reflected by the first 
dichroic mirror surface 80 has an S polarization, the second 
color light L. reflected by the Second dichroic mirror Surface 
82 has a P polarization, the third color light La reflected by 
the third dichroic mirror Surface 84 has an S polarization, 
and the fourth color light L. reflected by the fourth dichroic 
mirror surface 86 has a P polarization. 

0.112. When the color separating unit 70 includes three 
polarization changers and each of the first and Second color 
light groups LA and L includes two color light beams, the 
two color light beams included in the first color light group 
LA have polarizations which are different from each other. 
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Likewise, the two color light beams included in the Second 
color light group L have polarizations which are different 
from each other. 

0113. In another preferred embodiment, the polarization 
changer 88 may be disposed on a proceeding path of at least 
one of the color light beams Separated by the dichroic mirror 
Surfaces. 

0114. In detail, the color illuminating System according to 
the present invention may include a color Separating unit 70' 
having polarization changers 88a and 88b in a partial area of 
the exit Surface thereof, as shown in FIG. 6, instead of the 
color separating unit 70 having the polarization changer 88 
arranged between the dichroic mirror Surfaces. 
0115 FIG. 6 shows the color separating unit 70' accord 
ing to another preferred embodiment of the present inven 
tion. Referring to FIG. 6, the color separating unit 70' may 
include the polarization changers 88a and 88b on an exit 
Surface of the third and fourth color light beams L and L, 
that is, the light beam of the Second color light group LP, 
reflected by the third and fourth dichroic mirror surfaces 84 
and 86. A half wave plate for the third color light beam La 
is provided as the polarization changer 88a while a half 
wave plate for the fourth color light beam L is provided as 
the polarization changer 88b. 
0116. Here, in FIG. 6, the polarization changers 88a and 
88b are shown to be provided separately. Instead of the 
Separate polarization changers 88a and 88b, a single polar 
ization changer may be provided on the exit Surface of the 
light beam of the Second color light group L. 
0117. In FIG. 6, the polarization changers 88a and 88b 
are integrally formed with the color separating unit 70'. 
However, the polarization changers 88a and 88b can be 
arranged Separated from the rod type Structure of the color 
Separating unit 70' on a proceeding path of a predetermined 
color light beam, for example, the third and fourth color light 
beams La and L. 
0118. The polarization changer in the color separating 
unit according to the present invention can be arranged in 
any position between the dichroic mirror Surfaces, in the 
partial area of the exit Surface where the Separated color light 
beams are emitted, and/or on a proceeding path of one of the 
Separated color light beams. 

0119) Here, a case in which the optical block 87 is 
disposed between the dichroic mirror Surfaces of the color 
separating unit 70 or 70' to separate the light beams of the 
first and Second color light groupS LA and LB, is described 
above. However, the present invention is not limited thereto. 
That is, instead of the optical block 87, a light beam 
Separation optical device (not shown) to separate the light 
beams of the first and Second color light groupS LA and LB 
can be provided at the output portion of the color Separating 
unit 70 or 70'. 

0120 Also, in the above descriptions, although the color 
light beams are Separated into two color light groups, that is, 
the first and Second color light groupS LA and LB, the present 
invention is not limited thereto. The number of the color 
light groups can be divided into three or more and can be 
incident on the three or more effective areas of the Scrolling 
unit 100. In this case, at least two color light groups have the 
Same polarization. 
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0121. In the following descriptions, for the convenience 
of explanation and illustration, it is assumed that the color 
illuminating System according to the present invention 
includes the color separating unit 70, as shown in FIGS. 3 
and 5. 

0.122 The color illuminating system according to the 
preferred embodiment of the present invention further 
includes relay lenses 89 on the optical path of each of the 
first through fourth color light beams L., L., L, and L. 
Separated by and output from the color Separating unit 70. 
The relay lenses 89 condense each of the first through fourth 
color light beams L,L,L, and L to have a predetermined 
divergence angle and are preferably arranged to face each of 
the exit surfaces of the first through fourth dichroic prisms 
79, 81, 83, and 85. 
0123 The first through fourth color light beams L., L., 
La, and La Separated by the color separating unit 70 can be 
restored by the relay lenses 89 to the same beam diameter 
and divergence angle as those of the light emitted from the 
light source 60. 
0.124. To increase a light use efficiency, the color illumi 
nating System according to the preferred embodiment of the 
present invention further includes a polarization conversion 
system (PCS) 72 at an input end of the color separating unit 
70 to align the light emitted from the light source 60 to a 
polarized beam and input it to the color Separating unit 70. 
0.125 Referring to FIG. 5, the polarization conversion 
System 72 may include a polarization Separating member 73 
which transmits most of a first polarized beam, for example, 
a P-polarized beam, of the light output from the light Source 
60 and reflects most of a Second polarized beam perpen 
dicular to the first polarized beam, for example, an S-polar 
ized beam, a reflection member 75 which totally reflects the 
Second polarized beam reflected by the polarization Sepa 
rating member 73 to proceed parallel to the first polarized 
beam, and a half wave plate 77 arranged on the proceeding 
path of one of the first and Second polarized beams, for 
example, a proceeding path of the Second polarized beam to 
make the Second polarized beam to have the same polariza 
tion as that of the first polarized beam, for example, a 
P-polarized beam. 
0.126 A polarization separating member to reflect the 
Second polarized beam, for example, an S-polarized beam, 
may be provided instead of the reflection member 75. The 
half wave plate 77 is disposed on the proceeding path of the 
first polarized beam So that both first and Second polarized 
beams have, for example, S polarizations. 
0127. According to the polarization conversion system 
72 having the above configuration shown in FIG. 5, since 
the incident beam is separated along a vertical axis, the 
diameter of a light beam along the vertical axis is doubled 
and the polarization of a light beam in a lower end portion 
of the vertical axis is changed by the half wave plate 77 so 
that the light beams incident on the color separating unit 70 
have the same polarization. The polarization of the light 
beams in the upper and lower ends can be different from 
each other according to the purpose of use. 
0128. Since the unpolarized white light beam emitted 
from the light Source 60 can be input to the color Separating 
unit 70 by being changed to a white light beam having the 
Same polarization by the polarization conversion System 72, 
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even when an LCD device is used as the light valve as 
described later, the light use efficiency can be improved. 
0129. The polarization conversion system 72 and the 
relay lenses 89 can be incorporated into the color Separating 
unit 70. Also, the collimating lens 71 can be incorporated 
into the color Separating unit 70 with respect to the polar 
ization conversion System 72 interposed therebetween. 
0130 Referring to FIGS. 3, 7, and 8, the scrolling unit 
100 has at least one lens cell 101 a which is formed to 
convert the rotation motion thereof to a linear motion of the 
lens array. The scrolling unit 100 can be formed of a disc 
type Structure. 

0131 Referring to FIG. 7, the scrolling unit 100 may 
include a first Spiral lens disc 101 having at least one lens 
cell 101a. Also, a second spiral lens disc 103 having the 
Same Structure as the first Spiral lens disc 101 is arranged to 
be separated a predetermined distance from the first Spiral 
lens disc 101 in a direction in which the light proceeds to 
correct a divergence angle of each of the color light beams 
of the first and Second color light groupS LA and LB which 
have passed through the first spiral lens disc 101. 
0132 Also, a glass rod 111 which can control a diver 
gence angle of a light beam emitted from the scroll unit 101 
is further arranged on the optical path between the first Spiral 
lens disc 101 and the second spiral lens disc 103. Thus, by 
providing the glass rod 111 in the first spiral lens disc 101, 
the light beam condensed on each cell in the first spiral lens 
disc 101 can be transferred to the second spiral lens disc 103 
without diverging. 

0133) The first and second spiral lens discs 101 and 103 
of the Scrolling unit 100 are arranged on an optical path by 
being supported by a bracket 107 and rotated by the driving 
portion 105 provided in the middle portion of the first spiral 
lens disc 101. 

0134) In FIGS. 3, 8, and 9, the scrolling unit 100 includes 
the two spiral lens discs 101 and 103 and the glass rod 111 
arranged therebetween, in which the scrolling unit 100 may 
have a single spiral lens disc Structure. 
0135 Also, an example in which the scrolling unit 100 is 
formed of a disc type is shown herein. The shape of the 
scrolling unit 100 may have various structures of having the 
lens cell formed to convert the rotation motion of the 
Scrolling unit to a linear motion of the lens array. For 
example, the Scrolling unit has a cylinder shape in which the 
lens cell is formed at an outer circumferential Surface thereof 
So that the rotation motion thereof can be converted into the 
linear motion of the lens array. 
0136 Preferably, the lens cell 101a is formed to be spiral. 
In FIGS. 7 and 8, the scrolling unit 100 includes a plurality 
of lens cells 101a. Here, the lens cells 101a are formed at the 
identical interval and the Sectional shapes of the lens cells 
101a are preferably identical. 
0.137 For example, the sectional shapes of the lens cells 
101a are preferably cylindrical lens cells. Alternatively, the 
lens cells 101 a can be formed of a diffractive optical device 
or a holographic optical element. Each of the lens cells 101a 
of the Scrolling unit 100 functions as a condensing lens. 
0.138. The color illuminating system according to the 
present invention preferably further includes a plurality of 
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cylindrical lenses 95a and 95b, 97a and 97b, 131, and 132 
in front of or in the rear of the scrolling unit 100. 
013:9) The cylindrical lenses 95a and 95b are disposed on 
the proceeding path of light beam of the first color light 
group LA. The cylindrical lenses 95A and 95B correct the 
shape of a beam by condensing the incident light beam of the 
first color light group LA in one direction and having the 
light transmit linearly in another direction. Thus, a beam 
having the shape corresponding to the effective area A 
indicated by a dotted line in FIG. 7 is incident on the 
scrolling unit 100. 
0140. Likewise, the cylindrical lenses 97a and 97b are 
disposed on the proceeding path of light beam of the Second 
color light group L. The cylindrical lenses 97A and 97B 
correct the shape of a beam by condensing the incident light 
beam of the Second color light group L in one direction and 
having the light transmit linearly in another direction. Thus, 
a beam having the shape corresponding to the effective area 
B indicated by a dotted line in FIG. 7 is incident on the 
scrolling unit 100. 
0.141. Also, the cylindrical lens 131 corrects the shape of 
the light beam of the first color light group LA passing 
through the effective area A of he scrolling unit 100 and 
separated by a fly eye lens array 121 which is described later. 
The cylindrical lens 132 corrects the shape of the light beam 
of the Second color light group L. passing through the 
effective area B of the scrolling unit 100 and separated by a 
fly eye lens array 123 which is described later. 
0.142 FIG. 9 shows a horizontal axis ray tracing by the 
pair of the cylindrical lenses 95a and 131 or 97a and 132. 
0143. The light beams of the first and second color light 
groupS LA and LB passing through the cylindrical lenses 95a 
and 95b and the cylindrical lenses 97a and 97b, as shown in 
FIG. 7, are input to the first spiral lens disc 101 of the 
scrolling unit 100 by being separated from each other. The 
effective areas A and B where the light beams of the first and 
Second color light groups LA and LB are radiated, respec 
tively, have rectangular shapes. 
0144. The scrolling unit 100 periodically scrolls the color 
light beams separated by the color separating unit 70 by the 
rotation operation. The Scrolling operation is described 
below in an example of the disc type scrolling unit 100 
rotating clockwise at a predetermined Speed. 
0145 The light beam of the first color light group LA 
Separated by the color Separating unit 70 experiences the 
beam correction as it passes through the cylindrical lenses 
95a and 95b and then passes through the effective area A. 
Also, the light beam of the Second color light group LE 
Separated by the color Separating unit 70 experiences the 
beam correction as it passes through the cylindrical lenses 
97a and 97b and then passes through the effective area B. 
0146 Each array of the lens cells 101 a seems to be a 
plurality of cylindrical lenses linearly arranged when viewed 
from a position of the effective area A. Since the array of the 
lens cells 101a is formed spirally, an effect of the cylindrical 
lenses continuously moving from the inner circumference to 
the outer circumference with respect to the rotation of the 
spiral lens disc 101 can be obtained. Thus, the color light 
beams of the first color light group LA incident on the 
effective area A are Scrolled from the inner circumference to 
the outer circumference. 



US 2004/0233342 A1 

0147 Also, in the effective area B, according to the same 
principle, the color light beams of the Second color light 
group L is Scrolled. However, the directions of Scrolling of 
the color light beams of the first and Second color light 
groupS LA and L in the respective effective areas A and B 
are opposite to each other. 
0.148. In the color illuminating system according to the 
present invention, a fly eye lens array 121, the cylindrical 
lens 131, and the relay lens 133 are further provided on the 
optical path of the light beam of the first color group LA 
having passed through the Scrolling unit 100, in consider 
ation of the shape of a color bar and the focal position of the 
light beam of the first color light group LA. Also, considering 
the shape of the color bar and the focal position of the Second 
color light group L., a fly eye lens array 123, the cylindrical 
lens 132, and the relay lens 135 are further provided on the 
optical path of the light beam of the Second color group LE 
having passed through the scrolling unit 100. 
014.9 The fly eye lens array 121 is arranged on the optical 
path of the light beam of the first color light group LA having 
passed through the second spiral lens disc 103 so that the 
light beams of the first color light group LA having passed 
through the scrolling unit 100 form color bars in different 
areas. To this end, the fly eye lens array 121 includes first 
and Second fly eye lens arrayS 121a and 121b having a 
plurality of convex portions formed on an incident Surface 
and/or exit Surface thereof in a 2-dimension array. The first 
and Second fly eye lens arrayS 121a and 121b are arranged 
close to each other. The first fly eye lens array 121a is 
preferably disposed on a focal plane of the Second spiral lens 
disc 103. The convex portions of each of the first and second 
fly eye lens arrays 121a and 121b are formed to match one 
to one the lens cells 101a array of the first and second spiral 
lens discs 101 and 103 in the effective area A. 

0150. Thus, the color light beams belonging to the first 
color light group LA which is Scrolled by the Scrolling unit 
100 transmit the first and second fly eye arrays 121a and 
121b and are condensed at different positions for the respec 
tive color light beams, thus forming color bars in which the 
respective colors, for example, cyan and blue, are Separated. 
0151. The fly eye lens array 123 is arranged on the optical 
path of the light beam of the Second color light group L. 
emitted from the second spiral lens disc 103 so that the light 
beam of the Second color light group L which has passed 
through the scrolling unit 100 forms color bars in different 
areas. To this end, the fly eye lens array 123 includes the first 
and second fly eye lens arrays 123a and 123b having a 
plurality of convex portions formed on an incident Surface 
and/or exit Surface thereof in a 2 dimensional array. The first 
and Second fly eye lens array 123a and 123b are arranged to 
neighbor each other. The first fly eye lens array 123a is 
preferably disposed on a focal plane of the Second spiral lens 
disc 103. Also, the convex portion of each of the first and 
second fly eye lens arrays 123a and 123b is formed to match 
one to one the lens cells 101a array of the first and second 
spiral lens discs 101 and 103 in the effective area B. 
0152 Thus, the color light beams scrolled by the scroll 
ing unit 100 and belonging to the Second color light group 
L are condensed at different positions for each color while 
transmitting the first and Second fly eye lenses 123a and 
123b, so that a color bar in which colors are separated, for 
example, color bars for red and green, is formed. 
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0153. The cylindrical lens 131 corrects the shapes of the 
color light beams belonging to the first color light group LA 
which have transmitted the effective area A of the first spiral 
lens disc 101 and are condensed by the fly eye lens array 121 
for each color. 

0154) The cylindrical lens 132 corrects the shapes of the 
color light beams belonging to the Second color light group 
L which have transmitted the effective area B of the first 
spiral lens disc 101 and are condensed by the fly eye lens 
array 123 for each color. 
0155 The relay lenses 133 and 135 transmit the light 
beams of the first and Second color light groups LA and L. 
having passed through the fly eye lens arrayS 121 and 123, 
to a predetermined position, for example, the position of the 
light valve. The relay lenses 133 and 135 make the color bars 
formed by the fly eye lens arrays 121 and 123 focused at a 
predetermined position, that is, on the light valve. 
0156 Here, each of the fly eye lens arrays 121 and 123, 
the cylindrical lenses 131 and 132, and the relay lenses 133 
and 135 can be formed of a single device structure so as to 
be commonly applied to the light beams of the first and 
Second color light groups LA and LB, instead of being 
Separately arranged on the proceeding paths of the light 
beams of the first and Second color light groupS LA and L. 
O157 The operation of the color illuminating system 
according to a preferred embodiment of the present inven 
tion having the above structure is described below with the 
optical configuration shown in FIGS. 3 through 5 and 
FIGS. 7 through 9. 
0158. The white light beam emitted from the light source 
60 is changed to a parallel beam or a divergent beam close 
to a parallel beam by being condensed by the first collimat 
ing lens 71, while the diameter of the light beam is reduced. 
The white light beam is changed to have one polarization by 
the polarization conversion System 72 and input to the rod 
type color Separating unit 70. 
0159. The white light beam input to the color separating 
unit 70 is separated into the first through fourth color light 
beams L., L2, La and L. The first color light group LA 
including the first and Second color light beams L and L. 
and the Second color light group L including the third and 
fourth color light beams L and L are separated from each 
other by the optical block 87 of the color separating unit 70 
to avoid the area where the driving source 105 is arranged 
and the light beams of the first and Second color light groups 
LA and LB can be radiated in the effective areas A and B of 
the first spiral lens disc 101. The light beams of the first and 
Second color light groups LA and LB are changed to have 
polarization different from each other by the polarization 
changer 88 disposed between the second dichroic mirror 
Surface 82 and the third dichroic mirror Surface 84. 

0160 The light beams of the first and second color light 
groups LA and L which are emitted from the color sepa 
rating unit 70, and the same divergent angles and beam 
diameters of which are restored by the relay lenses 89a, 89b, 
89c, and 89d to those of the light beam emitted from the light 
Source 60, are shaped by the cylindrical lenses 95a, 95b, 
97a, and 97b, to predetermined shapes, and then incident on 
the effective areas A and B of the first spiral lens disc 101. 
0.161 The scrolling unit 100 is rotated by the driving 
Source 105 so that the light beams of the first and second 
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color light groups LA and Lincident on the effective areas 
A and B are scrolled by the rotation of the scrolling unit 100. 
The scrolled light is condensed by the lens cells 101a array 
and divided into various optical paths for each color. The 
divided light beams pass the fly eye lens arrays 121 and 123, 
the cylindrical lenses 131 and 132, and the relay lenses 133 
and 135 and form a color bar at the divided predetermined 
position. 

0162 The cyan and blue bars formed with respect to the 
light beam of the first color group LA having passed through 
the effective area A is Scrolled, for example, from the upside 
to the downside on the drawing. The red and green bars 
formed with respect to the light beam of the second color 
group L having passed through the effective area B is 
Scrolled, for example, from the upside to the downside on 
the drawing. That is, the light beam of the first color light 
group LA having passed through the effective area A and the 
light beam of the Second color light group L having passed 
through the effective area B are Scrolled in the opposite 
directions. 

0163 FIG. 10 shows a color illuminating system accord 
ing to another preferred embodiment of the present inven 
tion. The optical configuration except for a rod type color 
Separating unit 170 is Substantially the Same as or Similar to 
that of the color illuminating System according to the 
above-described preferred embodiment of the present inven 
tion shown in FIG. 3 through 9. Thus, any optical parts 
having the same functions as or similar to those in the 
previous preferred embodiment will be omitted. 
0164 Referring to FIG. 10, in the color illuminating 
System according to another preferred embodiment of the 
present invention, the rod type color Separating unit 170 is 
characteristically Separate the white light beam output from 
the light source 60 into 6 color light beams in two color light 
groupS. 

0.165. The rod type color separating unit 170 includes 6 
dichroic mirror Surfaces 172, 174, 176, 178, 180, and 182 
which reflect particular color light beams. As shown in FIG. 
9, the color separating unit 170 includes first through sixth 
dichroic prisms 171, 173, 175, 177, 179, and 181 having the 
dichroic mirror Surfaces 172,174, 176, 178, 180, and 182, 
and can be formed as a rod type structure. A relay lens 189 
is arranged at an output end of each of the first through sixth 
dichroic prisms 171, 173, 175, 177, 179, and 181. The relay 
lens 189 is substantially the same as that of the relay lenses 
89 of FIG 3. 

0166 The dichroic mirror surfaces 172, 174, 176, 178, 
180, and 182 of the first through sixth dichroic prisms 171, 
173, 175, 177, 179, and 181, from the side close to the light 
Source 60, are provided to reflect, for example, a blue beam 
B, a cyan beam C, a magenta light beam M, a red beam R, 
a green beam G, and a yellow beam Y, respectively. 
0167 As shown in FIG. 10, for example, the optical 
block 87 may be disposed between the dichroic mirror 
Surface 176 and the dichroic mirror Surface 178 Such that the 
blue beam B, the cyan beam C, and the magenta light beam 
Mare included in the first color light group LA while the red 
beam R, the green beam G, and the yellow beam Y are 
included in the Second color light group L. Also, as shown 
in FIG. 10, for example, the polarization changer 88 may be 
provided at the color separating unit 170 so that the color 
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light beams included in the first and Second color light 
groupS LA and Li have different polarizations. 
0168 As shown in FIG. 10, when the polarization 
changer 88 is provided in the color separating unit 170, the 
light beams of the first and Second color light groups LA and 
LB have different polarizations. The number and position of 
the polarization changer 88 can be varied as described 
above. 

0169. The number of the color light beams included in 
each of the first and Second color light groups LA and LB can 
be varied in a range Such that at least one color light is 
included in one of the first and Second color light groups LA 
and LB and at least one color light is included in the other 
of the first and Second color light groups LA and LB. 
0170 As shown in FIG. 10, when the first color light 
group LA includes the blue beam B, the cyan beam C, and 
the magenta light beam M and the Second color light group 
L includes the red beam R, the green beam G, and the 
yellow beam Y, the first and Second color light groups LA 
and L are appropriately Separated from each other, and the 
light beams of the first and Second color light groups LA and 
L are radiated in the effective areas A and B of FIG. 5 of 
the first spiral lens disc 101, the color bar formed with 
respect to the color light beams included in the first color 
light group LA and the color bar formed with respect to the 
color light beams included in the Second color light group 
L are scrolled in the opposite directions by the Scrolling of 
the scrolling unit 100. 
0171 In addition to the above-described preferred 
embodiments, the color Separating unit according to the 
present invention and the color illuminating System having 
the same can be variously modified to be capable of driving 
multi-channels So long as the Etendue of an optical System 
Such as 5 color light beams Scrolling, for example, 2 color 
light beams and 3 color light beams are included in the 
respective color light groups, 7 color light beams Scrolling 
and 8 color light beams Scrolling, which are formed of two 
color light groups, is also permitted. 
0172 In the color separating unit according to the present 
invention and the color illuminating System having the 
Same, the incident white light beam may be separated into 
three color light beams and two color light beams are 
included in one color light group and one color light is 
included in the other color light group. Also, the color 
Separating unit may include three dichroic mirror Surfaces, 
one optical block, and at least one polarization changer So 
that the color light beam and the other color light beams 
have different polarizations. Thus, the white light beam may 
be separated into three color light beams in two color light 
groupS and the light beams of the two color light groups are 
Scrolled. 

0.173) In the above descriptions and illustrations, the 
color illuminating System according to the present invention 
includes a Single Spiral lens disc and the light beams of the 
two color light groups are Scrolled in the opposite directions. 
However, as shown in the following description regarding a 
projection type image display apparatus of FIG. 14 which 
uses the color illuminating System according to the present 
invention, a pair of Spiral lens discs arranged parallel to each 
other to scroll each of the light beams of the two color light 
groupS So that the light beams of the two color light groups 
can be Scrolled in the same direction. 
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0.174 Also, as shown in the following description regard 
ing a projection type image display apparatus of FIG. 16 
which uses the color illuminating System according to the 
present invention, the color illuminating System according to 
the present invention may be configured to increase the 
intensity of light such that the light beams from two inde 
pendent light Sources are separated into two color light 
groups by using a single color Separating unit and incorpo 
rated by a polarizing beam Splitter So that the light beams are 
modulated by each of light valves. 
0.175. Hereinafter, preferred embodiments of the projec 
tion type image display apparatus having the color illumi 
nating System according to the present invention are 
described in detail. 

0176) The projection type image display apparatus 
according to the present invention, as shown in FIGS. 11, 
12, 14, and 16, includes a color illuminating System having 
a variety of configurations as described above, which uses 
the color Separating unit according to the present invention 
to Separate the incident white light beam into a plurality of 
color light beams, preferably, 4 or more color light beams, 
and radiate the Separated color light beams, and at least one 
light valve 157 and 159 to form an image by controlling the 
radiated color light beams in the unit of pixel according to 
an input image Signal. The image generated by the light 
valve 157 and 159 is magnified by a projection lens unit 270 
and projected onto a screen 280. 
0177 Referring to FIG. 11, an image display apparatus 
according to a first preferred embodiment of the present 
invention includes a color illuminating System radiating a 
plurality of Separated color light, further preferably, four or 
more Separated color light beams, the first and Second light 
valves 157 and 159 forming an image by controlling the 
radiated color light beams in the unit of pixel according to 
the input image Signal, and an image combiner 150 com 
bining the images generated by the first and Second light 
valves 157 and 159 to proceed the combined image toward 
the projection lens unit 270. Also, preferably, the image 
display apparatus according to the preferred embodiment of 
the present invention further includes an optical unit 140 to 
combine the proceeding paths of the light beams of the first 
and Second color light groups LA and L. 
0.178 The color illuminating systems according to vari 
ous preferred embodiment of the present invention can be 
employed as the color illuminating system. FIG. 11 shows 
the case in which the color illuminating System has the 
optical configuration of FIGS. 3 through 10. In FIG. 11, 
reference numeral 300 denotes a color separating unit. The 
color Separating System 300 includes the color Separating 
unit according to the present invention, the relay lenses 89, 
and the polarization conversion systems 72 and 73, which 
Separate the white light beam emitted from the light Source 
60 into a plurality of color light beams, preferably, four color 
light beams, So that two color light groups LA and L, each 
having at least one of the Separated color light beams, are 
Separated from each other. 
0179 The number of the dichroic mirror Surface forming 
the color Separating unit according to the present invention, 
the Separation Structure of the two color light groups, the 
number of the relay lenses 89 provided corresponding to the 
number of the dichroic mirror Surface and/or the arrange 
ment of at least one polarization changer to make two types 
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of the polarization of the Separated color light beams can be 
diversely modified. Thus, in order to include all of Such 
diversity in the projection type image display deices accord 
ing to the present and other preferred embodiments having 
the color illuminating System according to the present inven 
tion, the configuration including the color Separating unit, 
the relay lens, and the polarization conversion System is 
Simply represented as the color Separating System 300. 
0180. The optical unit 140 includes a first reflection 
surface 141 reflecting light beam of one of the first and 
Second color light groupS LA and L and a Second reflection 
Surface 143 Selectively transmitting and reflecting the light 
beam of one color light group reflected by the first reflection 
Surface 141 and light beam of the other color light group to 
combine the transmitted and reflected light beams. 
0181. When the polarizations of the light beams of the 

first and Second color light groups LA and Li emitted from 
the color separating system 300 of the color illuminating 
System are different from each other, the first and Second 
reflection surfaces 141 and 143 are preferably polarizing 
beam splitter Surface so that the first reflection surface 141 
totally reflects the light beam of the Second color light group 
L and the Second reflect Surface 143 reflects the light beam 
of the Second color light group L and transmits the light 
beam of the first color light group LA. 
0182. As shown in FIG. 11, since there is a difference 
between the lengths of the optical paths of the light beams 
of the first and Second color light groupS LA and L passing 
through the optical unit 140, the relay lenses 133 and 135 are 
preferably provided to correct the difference in the length of 
the optical path. 

0183) That is, as shown in FIG. 11, the difference 
between the lengths of the optical paths of the light beams 
of the first and Second color light groups LA and LB passing 
in the optical unit 140 can be compensated by optimally 
adjusting the arrangement positions of the relay lenses 133 
and 135. That is, when the difference between the lengths of 
the optical paths is corrected by appropriately arranging the 
relay lenses 133 and 135, the focal positions of the light 
beams of the first and Second color light groupS LA and LB 
condensed by the relay lenses 133 and 135 become the same. 
0.184 The first and Second color light groups LA and LB, 
of which the proceeding paths are combined by the optical 
unit 140, pass through the image combiner 150 and are 
radiated on the first and second light valves 157 and 159. 
0185. For example, the light beam of the first color light 
group LA is reflected by the polarizing beam splitter 151 to 
be radiated to the first light valve 157 while the light beam 
of the Second color light group L is reflected by the 
polarizing beam splitter 151 to be radiated to the second 
light valve 159. In this case, the first light valve 157 forms 
a color image to the color light beam of the first color light 
group LA while the second light valve 159 forms a color 
image to the color light beam of the Second color light group 
I-B 
0186 For example, when the first color light group LA 
includes the cyan beam C and the blue beam B while the 
Second color light group LP includes the red beam R and the 
green beam G, the first light valve 157 forms cyan and blue 
images according to B and C Signal processing for forming 
blue and cyan images and the second light valve 159 forms 
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red and green images according to R and GSignal processing 
for forming red and green images. 
0187. The cyan beam C and the blue beam B are radiated 
onto the first light valve 157 in the form of a color bar and 
are Scrolled according to the rotation of the first spiral lens 
disc 101. The red beam R and the green beam G are radiated 
onto the second light valve 159 in the form of a color bar and 
are Scrolled according to the rotation of the first spiral lens 
disc 101. A color image for each color is formed by 
processing image information with respect to each pixel of 
the first and second light valves 157 and 159 synchronized 
with the movement of the color bar for each color by the 
Scroll operation. 
0188 The first and second light valves 157 and 159 are 
disposed at positions where the Scrolling color bar is formed. 
Preferably, reflective light valves, for example, reflective 
LCD devices, are provide as the first and Second light valves 
157 and 159. The reflective LCD devices reflect the incident 
beam and change the polarization thereof according to the 
image Signals in the unit of pixel. 
0189 When reflection type LCD devices are used as the 

first and second light valves 157 and 159, since the genera 
tion of an image is represented by a change of the polar 
ization of a light beam in the unit of pixel, the images 
generated by the first and second light valves 157 and 159 
can be combined by the image combiner 150 which includes 
the polarizing beam splitter 151 and a pair of the wave plates 
153 and 155 functioning as quarter wave plates. 
0190. It is assumed that the light beams of the first and 
Second color light groups LA and L output from the optical 
unit 140 and input to the image combiner 150 have an S 
polarization and a P polarization, respectively, and that the 
polarizing beam splitter 151 of the image combiner 150 
reflects the S polarization and transmits the P polarization. 
0191 In this case, the light beam of the first color light 
group LA having an S polarization is reflected by the 
polarizing beam splitter 151. The polarization of the light is 
changed to a Substantially circular polarization by the wave 
plate 153 and condensed on the first light valve 157. Among 
the light modulated (polarization-changed) according to the 
image signals in the unit of pixel by the first light valve 157 
and reflected, only the light, whose polarization is changed 
to a P polarization while the light beam passes through the 
wave plate 153, transmits through the polarizing beam 
Splitter 151 and proceeds toward the projection lens unit 
270. 

0.192 The light beam of the second color light group L. 
having a P polarization transmits through the polarizing 
beam splitter 151. The polarization of the light is changed to 
a substantially circular polarization by the wave plate 155 
and condensed on the second light valve 159. Among the 
light modulated (polarization-changed) according to the 
image Signals in the unit of pixel by the Second light valve 
159 and reflected, only the light, whose polarization is 
changed to an S polarization while the light beam passes 
through the wave plate 155, is reflected by the polarizing 
beam splitter 151 and proceeds toward the projection lens 
unit 270. 

0193 Thus, the light modulated according to the image 
signals by the first and second light valves 157 and 159 are 
combined while passing through the respective wave plates 
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153 and 155 and the polarizing beam splitter 151 of the 
image combiner 150, and projected onto the screen 280 by 
the projection lens unit 270. 

0194 In FIG. 11, the image combiner 150 consists of the 
polarizing beam splitter 151 and the wave plates 153 and 
155. The structure of the image combiner 150 may vary 
according to the characteristic of the reflection type LCD 
device used as the first and second light valves 157 and 159 
in the image display apparatus according to the present 
invention. For example, when a reflection type LCD device 
which generates an image by a degree of changing the light 
beam of the first color light group LA of an S polarization 
into a light beam of a P polarization is used as the first light 
valve 157, there is no need to use the wave plate 153. 
Likewise, when a reflection type LCD device which gener 
ates an image by a degree of changing the light beam of the 
Second color light group L of a P polarization into a light 
beam of an S polarization is used as the Second light valve 
159, there is no need to use the wave plate 153. That is, due 
to the characteristic of the reflection type LCD device used 
as the first and second light valves 157 and 159, the image 
combiner 150 may not need the wave plates 153 and 155. 
0.195 The projection lens unit 270 is arranged between 
the image combiner 150 and the screen 280 to magnify and 
project an incident image toward the Screen 280. 

0196. As shown in FIG. 11, when the light beams of the 
first and Second color light groups LA and L are radiated in 
the two effective areas A and B of the scrolling unit 100 and 
scrolled in the opposite directions and the optical unit 140 
Simply combines the optical paths without reversing the 
Scroll directions, Since the Scroll directions of the color bars 
radiated onto the first and second light valves 157 and 159 
are opposite to each other, an image for each color is 
generated considering the difference in the Scroll directions. 
0.197 As described above, in the projection type image 
display apparatus adopting the color illuminating System 
according to the present preferred embodiment of the 
present invention, Since four color light beams, for example, 
are divided into a P polarization color light group and an S 
polarization color light group Such that two color light 
beams are transmitted to two reflection type light valves, the 
Etendue burden due to the color light Separation can be 
reduced. Also, Since the respective color light beams are 
scrolled by the rotation of the scrolling unit 100 and mixed 
on the Screen, an efficiency in use of light is doubled. 
Furthermore, since the scroll of two color light beams is 
performed in each of the two effective areas A and B of the 
Scrolling unit 100, a compact color illuminating System and 
a compact image display apparatus can be embodied. 
0198 In the projection type image display apparatus 
according to the present preferred embodiment of the 
present invention, since two reflection type light valves 157 
and 159 are used, the respective color light components can 
be changed to have desired polarizations. Also, Since the 
color light Separation is performed with respect to each of 
the polarizations and the parallel beam (in which the inci 
dent angle is 0), the color separating unit can be easily 
manufactured and color purity can be increased accordingly. 
0199 FIG. 12 shows a projection type image display 
apparatus according to a Second preferred embodiment of 
the present invention. In the projection type image display 



US 2004/0233342 A1 

apparatus according to the Second preferred embodiment of 
the present invention, the light beams of the first and Second 
color light groups LA and L are radiated in the two effective 
areas A and B of the scrolling unit 100 and scrolled in the 
opposite directions. The optical unit 240 changes, for 
example, the Scroll direction of the light beam of the Second 
color light group L. So that the Scroll directions of the light 
beams of the first and Second color light groupS LA and LB 
are the same and combines the proceeding paths of the light 
beam of the first and Second color light groups LA and L. 
0200. The optical unit may be a scroll changing prism to 
change the Scroll direction So that the Scroll directions of the 
light beams transmitting each of the scrolling unit 100 and 
the first and Second effective areas A and B are the Same. 

0201 The scroll direction prism 240 preferably changes 
the scroll direction by reversing the scroll direction of the 
color bar with respect to the light beam of one of the first and 
Second color light groupS LA and LB through reflection 
proceSS and combines the proceeding paths of the light 
beams of the first and Second color light groups LA and L. 
by Selectively transmitting and reflecting the light beam of 
the color light group having the Scroll changed by the 
reflection proceSS and the light beam of the other color light 
grOup. 

0202) The scroll direction prism 240 preferably has the 
shape of an Amichi prism. 
0203 Referring to FIG. 13, the scroll direction prism 240 
having the Amichi prism shape includes an incident Surface 
241, an exit Surface 247, reflection Surfaces 243a and 243b 
arranged at a right angle each other and inclined by an angle 
0 from the incident Surface 241 toward the exit Surface 247, 
and a reflection surface 245 reflecting the light reflected by 
the reflection surfaces 243a and 243b to proceed toward the 
exit Surface 247. 

0204 Thus, when the light having a scroll direction as 
indicated by an arrow in one direction is input through the 
incident surface 241, while the up/down direction of the 
incident light does not change, the incident light proceeds 
toward the reflection surface 245 by the reflection surfaces 
243a and 243b which is arranged to be inclined by the angle 
0. 

0205 The left/right direction of the incident light are 
changed by the reflection surfaces 243a and 243b. That is, 
the light incident on the reflection Surface 243a is reflected 
to proceed toward the reflection surface 243b. Then, the 
light reflected by the reflection surface 243b proceeds again 
toward the reflection surface 245. Likewise, the light inci 
dent on the reflection surface 243b is reflected by the 
reflection surface 243a and proceeds toward the reflection 
Surface 245. Thus, the Scroll direction is changed as indi 
cated by an arrow on the drawing. 
0206. The reflection Surface 245 is arranged on one 
surface of the scroll direction prism 240 to reflect light beam 
of one color light group which is input with a changed Scroll 
direction and transmit the light beam of the other color light 
group. Thus, the optical paths of the light beams of the first 
and Second color light groups LA and LB transmitting the 
effective areas A and B are combined. 

0207. When the light beams of the first and second color 
light groups LA and Li have different polarizations, the 
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reflection Surface 245 is preferably formed as a polarizing 
beam splitter Surface to Selectively transmit or reflect the 
incident light according to the polarization direction. 

0208. In this case, for example, the scroll direction of the 
light beam of the Second color light group L having a P 
polarization is changed by the reflection Surfaces 243a and 
243b and the light proceeds to the reflection surface 245 and 
is reflected thereby. Meanwhile, the light beam of the first 
color light group LA having an S polarization transmits the 
reflection Surface 245 and proceeds in the same direction as 
the light beam of the Second color light group L. The Scroll 
direction prism 240 can have a pentaprism shape. 
0209 When the scroll direction prism 240 is provided as 
the optical unit 240 to combine the optical paths of the light 
beams of the first and Second color light groupS LA and LB, 
the Scroll directions of the color bars radiated on the first and 
second light valves 157 and 159 are the same. Thus, in this 
case, Since the difference in the Scroll direction needs not be 
taken into consideration, driving a Screen is made easier. 
0210 FIG. 14 shows a projection type image display 
apparatus according to a third preferred embodiment of the 
present invention. Compared with the image display appa 
ratus according to the first preferred embodiment of the 
present invention, the image display apparatus according to 
the third preferred embodiment of the present invention 
characteristically includes a pair of Scrolling units 100a and 
100b provided parallel to each other to scroll the light beam 
of the first and Second color light groups LA and L. FIG. 
15 shows the incident areas and the Scroll directions of the 
light beams of the first and Second color light groups LA and 
L which are incident on each of the first Spiral lens discs 
101 of a pair of the scrolling units 100a and 100b. In FIG. 
15, reference letters C and D denote effective areas on which 
the light beams of the first and Second color light groups LA 
and L are incident, respectively. In FIGS. 14 and 15, the 
optical elements having the same functions as or Similar to 
those of the above-described preferred embodiments have 
the same reference numerals and detailed descriptions 
thereof are omitted herein. 

0211) The scrolling units 100a and 100b have substan 
tially the same structure as that of the scrolling unit 100 in 
the above preferred embodiment, except for a glass rod 111. 
Referring to FIG. 15, when the scrolling units 100a and 
100b are used, each of the scrolling units 100a and 100b has 
the glass rod 111 that is provided on each of the proceeding 
paths of the first and Second color light groups LA and L. 
between the first and second spiral lens discs 101 and 103. 
Thus, each of the scrolling units 100a and 100b has only one 
glass rod 111 unlike the scrolling unit 100 having two glass 
rods 111. 

0212. As shown in FIGS. 14 and 15, by providing a pair 
of the scrolling units 100, the light beams of the first and 
Second color light groups LA and L are independently 
driven and Scrolled and the rotation directions of the two 
scrolling units 100 can be independently controlled, it is 
possible to make the scroll directions of the light beams of 
the first and Second color light groups LA and LB, the Same. 
0213) When the effective areas C and D where the light 
beams of the first and Second color light groupS LA and LB 
are incident are the areas of the first spiral lens disc 101 that 
are close to each other, as shown in FIG. 15, and the 
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scrolling units 100a and 100b are rotated in the opposite 
direction, the Scrolling directions of the light beams of the 
first and Second color light groups LA and LB can be made 
the same. 

0214) In FIG. 15, the disc 101 of the scrolling unit 100a 
is rotated counterclockwise So that a plurality of cylindrical 
lenses in the effective area C are continuously moved from 
the outer circumference of the scrolling unit 100a to the 
inner circumference thereof. The disc 101 of the scrolling 
unit 100b is rotated clockwise so that a plurality of cylin 
drical lenses in the effective area D are continuously moved 
from the inner circumference of the scrolling unit 100b to 
the Outer circumference thereof. By changing the rotation 
directions of the two scrolling units 100a and 100b to be 
opposite to each other, the Scroll directions can be reversed. 

0215. When the light beams of the first and second color 
light groupS LA and L are Scrolled by the different Scrolling 
units 100a and 100b, the Scroll directions are the same so 
that the Scroll directions of the color bars of the first and 
Second color light groups LA and LB are made the same. 

0216). Here, since the two scrolling units 100a and 100b 
are used, the driving of the two scrolling units 100a and 
100b, a B and C signal processing to generate, for example, 
blue and cyan images in the first light valve 157, and an R 
and G signal processing to generate, for example, red and 
green images in the Second light valve 159, are preferably 
synchronized as shown in FIG. 14. 

0217. Although FIG. 14 shows an example in which the 
image display apparatus according to the third preferred 
embodiment includes the optical unit 140 that is the same as 
that of the first preferred embodiment of the present inven 
tion, it is possible to include an optical unit of the image 
display apparatus according to the Second preferred embodi 
ment of the present invention, that is, the Scroll change prism 
240, instead of the optical unit 140. 
0218. In the above descriptions and the accompanying 
drawings, the projection type image display apparatus 
according to the present invention is described and illus 
trated as one having a single light Source. The projection 
type image display apparatus according to the present inven 
tion, as shown in FIG. 16, preferably includes a pair of light 
Sources 60 radiating light to input ends at both ends of a 
color separating unit 500 and a pair of collimating lenses 71, 
so that light can be input from both sides of the color 
Separating unit 500. In this case, the color Separating unit 
500 preferably includes the polarization conversion system 
and a plurality of the relay lenses arranged at the input end 
of both Sides of the color Separating unit. 
0219. The color separating unit 500 includes a plurality 
of first dichroic mirror Surfaces to Separate light output from 
one of the light sources 60 into a plurality of color light 
beams and a plurality of Second dichroic mirror Surfaces to 
Separate light output from the other light Source 60 into a 
plurality of color light beams. The arrangement directions of 
the first and Second dichroic mirror Surfaces are opposite to 
each other and an optical block is provided between the first 
and Second dichroic mirror Surfaces. 

0220 Since the structure of the color separating unit 500 
can be Sufficiently assumed from the above description, 
detailed description and illustration thereof will be omitted. 
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0221) A projection type image display apparatus accord 
ing to a fourth preferred embodiment of the present inven 
tion may include the same optical configuration as one of the 
image display apparatuses according to the first through 
third preferred embodiments of the present invention, except 
for a pair of the light Sources, a pair of the collimating lenses, 
and the color separating unit 500. In FIG. 16, an example of 
adopting the optical configuration of the image display 
apparatus according to the Second preferred embodiment of 
the present invention is shown. 
0222. As shown in FIG. 16, the light beams of the two 
independent light Sources 60 are Separated into two color 
light groups by using a Single color Separating unit and 
combined by the image combiner 150, and the light beams 
are modulated by the first and second light valves 157 and 
159, so that the intensity of the light can be doubled. 
0223) While this invention has been particularly shown 
and described with reference to preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the Spirit and Scope of the invention 
as defined by the appended claims. 
0224. As described above, in the color illuminating sys 
tem and the projection type image display apparatus accord 
ing to the present invention employing the Same, instead of 
Separating the light beam emitted from the light Source into 
the two color light groups LA and L, as shown in FIG. 17, 
the color separating unit is configured to make the separated 
color light beams to be incident on the same effective area 
of the scrolling unit 700 and the remaining optical system 
can be configured corresponding thereto. 
0225 FIG. 17 schematically shows the optical configu 
ration of a color illuminating System according to yet 
another preferred embodiment of the present invention. 
FIG. 18 schematically shows the optical configuration of a 
projection type image display apparatus according to a fifth 
preferred embodiment of the present invention employing 
the color illuminating system of FIG. 17. 

0226. In FIG. 17, a color illuminating system includes a 
color Separating unit 600 to Separate the light beam emitted 
from the light source 60 into a plurality of color light beams, 
that is, 3 through 8 color light beams, and a Scrolling unit 
700 to embody color scrolling. Here, the elements having 
the same functions as or Similar to those of the above 
described preferred embodiments are indicated by the same 
reference numerals So that detailed descriptions thereof will 
be omitted herein. 

0227. The color separating unit 600 is preferably provide 
to Separate a white light beam emitted from the light Source 
60 into 4 or more color light beams. 
0228 Compared with the color separating units 70, 70', 
or 170 in the above-described preferred embodiments, the 
color Separating unit 600 has no optical block to Separate the 
color light beams while the other parts are Substantially the 
same as those of the color separating units 70, 70', and 170 
of the previous preferred embodiments. 
0229. For example, the color separating unit 600, as 
shown in FIG. 17, forms a rod type monobody and includes 
first through fourth dichroic prisms 79, 81, 83, and 85 
respectively having first through fourth dichroic mirror 
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surface 80, 82, 84, and 86 to reflect different color light 
beams and at least one polarization changer 88 to make at 
least one color light beam and the other color light beams of 
the color light beams separated by the first through fourth 
dichroic mirror Surfaces 80, 82, 84, and 86, have different 
polarizations. 

0230. In FIGS. 17 and 18, a single polarization changer 
88 is disposed between the second third mirror surfaces 82, 
and 84. As the color separating unit 70 shown in FIG. 6, the 
polarization changer 88 can be disposed on a proceeding 
path of the color light beams Separated by the color Sepa 
rating unit 600, for example, in a part of an exit Surface of 
the color separating unit 600. 
0231 FIGS. 17 and 18 show an example in which the 
color separating unit 600 has four dichroic mirror surfaces. 
AS described above, the number of the dichroic mirror 
Surfaces may vary according to the number of the color light 
beams to be separated. Also, the number of the polarization 
changer 88 and the arrangement thereof may vary. 
0232 The scrolling unit 700 may include the first and 
second spiral lens discs 101 and 103 like the scrolling unit 
100 described with reference to FIGS. 3, 7, and 8. 
0233. In the image display apparatus according to the 
present preferred embodiment, unlike the above-described 
preferred embodiments, Since the color light beam is not 
Separated into two color light groupS and a plurality of color 
light beams proceed in a signal color light group, the 
scrolling unit 700, as shown in FIGS. 17 and 18, can have 
the glass rod 111 only on the proceeding path of the Single 
color light group between the first and Second spiral lens 
discS 101 and 103. 

0234. The color light beams separated by the color sepa 
rating unit 600, for example, four color light beams, are 
incident on the same effective area of the scrolling unit 700. 
Here, the effective area of the scrolling unit 700 substantially 
corresponds to the effective area B of the scrolling unit 100 
of FIG 7. 

0235. In the image display apparatus according to a fifth 
preferred embodiment of the present invention, Since a 
plurality of color light beams proceed in a single color light 
group, compared to the case shown in FIG. 3, when the 
optical System is arranged Such that the color light beams in 
the Single color light group proceed along the same path as 
that of the second color light group L of FIG. 3, only the 
cylindrical lenses 97a, 97b, and 132, the fly eye lens array 
123, and the relay lens 135, which are arranged on the 
proceeding path of the light beam of the Second color light 
group L, are needed while the cylindrical lenses 95a, 95b, 
and 131, the fly eye lens array 121, and the relay lens 133, 
which are arranged on the proceeding path of the light beam 
of the first color light group LA, are not needed. 
0236 Also, in the image display apparatus according to 
the fifth preferred embodiment of the present invention, 
Since a plurality of color light beams proceed in a single 
color light group, the optical unit to match the optical paths 
of the two color light groups in the image display appara 
tuses according to the first through fourth preferred embodi 
ments of the present, invention are not needed. 
0237 Since, among the color light beams separated by 
the color Separating unit 600, at least one color light beam 

Nov. 25, 2004 

and the other color light beams have different polarizations, 
color light beams having different polarizations are incident 
on the first and second light valves 157 and 159. The process 
in which imageS for the respective colors generated by the 
first and second light valves 157 and 159 are combined by 
the image combiner 150 to proceed toward the projection 
lens unit 270 is substantially the same as that described with 
reference to FIG. 11. 

0238. As described above, when a light beam emitted 
from the light Source is separated by the color Separating unit 
into a plurality of color light beams, and a color illuminating 
System to make at least one color light beam of the Separated 
color light beams and the other color light beams have 
different polarizations is applied to the projection type image 
display apparatus using two light valves, a wide color range 
representation and a high efficiency projection System can be 
Simultaneously embodied. 
0239). In addition to the structures according to the above 
described preferred embodiments, the color Separating unit 
according to the present invention, the color illuminating 
System having the Same, and the projection type image 
display apparatus may have a variety of modifications with 
a range of a technical concept described in the accompany 
ing claims of the present invention. 
0240 According to the present invention, the light beam 
emitted from the light Source is Separated by the color 
Separating unit into a plurality of color light beams, at least 
one color light beam and the other color light beam have 
different polarizations, and the color light beams are Scrolled 
by the Scrolling unit. 
0241 Thus, an effective light amount can be increased 
and a high efficiency color light can be illuminated. Also, by 
using the Spiral lens disc for Scroll, the optical configurations 
of the color illuminating System and the projection type 
image display apparatus having the same can be simplified 
So that the entire Structure thereof can be made Small. 

0242 Furthermore, since one group of the color light and 
the other group of the color light which are Separated by the 
color Separating unit into a plurality of color light beams, 
preferably, four or more color light beams, have different 
polarizations, two light valves are used and the images 
generated by the two light valves are combined So that a 
color image can be projected. Thus, a wide color range can 
be presented and Simultaneously a high efficiency projection 
type image display apparatus can be embodied. 
0243 Also, since images with respect to the respective 
color light groups are generated by the two light valves and 
the images are combined to form a color image, a burden of 
Etendue due to the color Separation can be reduced. 
0244. It is of course understood that departures can be 
made from the preferred embodiments of the invention by 
those of ordinary skill in the art without departing from the 
spirit and scope of the invention that is limited only by the 
following claims. 

What is claimed is: 
1. An image display apparatus comprising: 

at least one light Source to generate and radiate a light 
beam; 
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a color Separating unit to Separate the light beam emitted 
from the light Source into a plurality of color light 
beams and make at least one of the Separated color light 
beams and the other of Said color light beams have 
different polarizations, 

a plurality of light valves to form an image by controlling 
at least one of the color light beams Separated by the 
color Separating unit and emitted therefrom, in units of 
pixel according to input image signals, and 

an image combiner to combine images generated by the 
light valves. 

2. The image display apparatus as claimed in claim 1, 
wherein the color Separating unit comprises: 

a plurality of dichroic mirror Surfaces which reflect a 
particular color light only and are inclined with respect 
to a direction in which the light beam emitted from the 
light Source and wherein Said Surfaces are Separated 
from each other; and 

at least one polarization changer to make the color light 
beam and the other color light beams have different 
polarizations. 

3. The image display apparatus as claimed in claim 2, 
wherein the color Separating unit has a rod type Single body 
Structure. 

4. The image display apparatus as claimed in claim 3, 
wherein the color Separating unit comprises a plurality of 
dichroic prisms having the dichroic mirror Surfaces to reflect 
different color light beams. 

5. The image display apparatus as claimed in claim 2, 
wherein the polarization changer is disposed between the 
dichroic mirror Surfaces, on or in a part of an exit Surface 
where the Separated color light beams exit, or on a proceed 
ing path of at least one of the color light beams Separated by 
the dichroic mirror Surfaces. 

6. The image display apparatus as claimed in claim 1, 
wherein the light valves comprise: 

a first light valve forming an image by using at least one 
color light having one polarization; and 

a Second light valve forming an image by using another 
color light having the other polarization. 

7. The image display apparatus as claimed in claim 6, 
wherein the image combiner comprises a polarizing beam 
Splitter Selectively transmitting or reflecting incident color 
light beams having different polarizations to proceed toward 
the first and Second light valves, and the color light beams 
are separated according to the polarization thereof and 
illuminated to the first and Second light valves So that 
combined images are generated by the first and Second light 
valves. 

8. The image display apparatus as claimed in claim 7, 
wherein the image combiner comprises a pair of wave plates 
disposed between the polarizing beam splitter and the first 
light valve and between the polarizing beam splitter and the 
Second light valve, to change the polarization of incident 
light. 

9. The image display apparatus as claimed in claim 1, 
wherein the color Separating unit Separates the light beam 
emitted from the light Source into three or more color light 
beams and makes at least one of the Separated color light 
beams and the other color light beams have different polar 
izations. 
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10. The image display apparatus as claimed in claim 1, 
wherein the color Separating unit Separates the light beam 
emitted from the light Source into a cyan beam C, a blue 
beam B, a red beam R, and a green beam G, or a blue beam 
B, a cyan beam C, a magenta beam M, a red beam R, a green 
beam G, and a yellow beam Y. 

11. The image display apparatus as claimed in claim 1, 
further comprising a polarization aligner which is provided 
at an input end of the color Separating unit to align the light 
beam emitted from the light Source in one polarized beam to 
be incident on the color Separating unit. 

12. The image display apparatus as claimed in claim 1, 
further comprising at least one Scrolling unit to Scroll the 
color light beams Separated by the color Separating unit. 

13. The image display apparatus as claimed in claim 12, 
wherein the Scrolling unit comprises at least one lens cell 
formed to convert a rotational motion of Said cell to a linear 
motion of a lens array. 

14. The image display apparatus as claimed in claim 13, 
wherein when at least one of the color light beams Separated 
by the color Separating unit is a first color light group and at 
least the other color light is a Second color light group, the 
color Separating unit Separates the first and Second color 
light groups from each other So that the light beams of the 
first and Second color light groups are incident on the 
Scrolling unit by being Separated from each other. 

15. The image display apparatus as claimed in claim 14, 
wherein the color Separating unit is provided to make the 
light beams of the first and Second color light groups have 
different polarizations. 

16. The image display apparatus as claimed in claim 14, 
wherein the Scrolling unit comprises a Single Scrolling unit 
or a pair of Scrolling units. 

17. The image display apparatus as claimed in claim 14, 
further comprising an optical block to combine proceeding 
paths of the light beams of the first and Second color light 
groups passing through the Scrolling unit. 

18. The image display apparatus as claimed in claim 17, 
wherein the optical unit comprises: 

a first reflection surface to reflect the light beam of one of 
the first and Second color light groups, and 

a Second reflection Surface to Selectively transmit and 
reflect the light beam of one color light group reflected 
by the first reflection surface and the light beam of the 
other color light group, So as to combine optical paths 
of the light beams. 

19. The image display apparatus as claimed in claim 17, 
wherein the optical unit is a Scroll changing prism which 
changes a Scroll direction through a process of reflecting a 
color bar to at least one color light beam passing through one 
effective area of the Scroll unit, and wherein Said Scroll 
changing prism Selectively transmits and reflects at least one 
color light incident thereon with a Scroll changed in the 
reflection process and the other color light beam passing 
through the other effective area of the Scrolling unit, and 
combines the optical paths of the light beams of the first and 
Second color light groups. 

20. The image display apparatus as claimed in claim 19, 
wherein the Scroll changing prism has a shape of an Amichi 
prism. 

21. The image display apparatus as claimed in claim 19, 
wherein the optical unit Selectively transmits and reflects at 
least one color light incident thereon with a Scroll changed 
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in the reflection process and the other color light beam 
passing through the other effective area of the Scrolling unit, 
according to polarization, So as to combine the optical paths 
of the light beams of the first and Second color light groups. 

22. The image display apparatus as claimed in claim 13, 
wherein the color light beams Separated by the color Sepa 
rating unit are incident on the same effective area of the 
Scrolling unit. 

23. The image display apparatus as claimed in claim 13, 
wherein at least one lens cell of the Scrolling unit is spiral. 

24. The image display apparatus as claimed in claim 23, 
wherein the at least one lens cell of the Scrolling unit is a 
cylindrical lens. 

25. The image display apparatus as claimed in claim 13, 
wherein the Scrolling unit is of a disc type. 

26. The image display apparatus as claimed in claim 15, 
wherein the Scrolling unit comprises first and Second Spiral 
lens discS Separated from each other in a direction in which 
the light beam proceeds and having the lens cell formed on 
each of the first and Second spiral discs. 

27. The image display apparatus as claimed in claim 26, 
further comprising a glass rod provided on the optical path 
between the first and Second spiral lens discs. 

28. The image display apparatus as claimed in claim 13, 
further comprising: 

at least one first cylindrical lens disposed on the optical 
path between the light Source and the Scrolling unit to 
control a width of the light beam incident on the 
Scrolling unit; and 

at least one Second cylindrical lens disposed on the optical 
path of the light beam passing through the Scrolling unit 
to change the light beam passing through the Scrolling 
unit into a parallel beam. 

29. The image display apparatus as claimed in claim 13, 
further comprising a fly eye lens array disposed on an optical 
path of the light emitted from the Scrolling unit, to make 
color light beams Scrolled by the Scrolling unit form color 
bars in different areas. 

30. The image display apparatus as claimed in claim 29, 
further comprising a relay lens disposed on an optical path 
of the light beam passing through the fly eye lens array, to 
have the color bar formed by the fly eye lens array con 
densed at a predetermined position. 

31. The image display apparatus as claimed in claim 13, 
further comprising a Spatial filter disposed between the light 
Source and the color Separating unit to adjust a divergent 
angle of the light beam emitted from the light Source. 

32. The image display apparatus as claimed in claim 1, 
further comprising a plurality of relay lenses disposed on 
optical paths of the color light beams emitted from the color 
Separating unit to make each of the emitted color light beams 
have a predetermined divergent angle. 

33. The image display apparatus as claimed in claim 1, 
further comprising a Spatial filter disposed between the light 
Source and the color Separating unit to adjust a divergent 
angle of the light beam emitted from the light Source. 

34. An image display apparatus comprising: 

at least one light Source to generate and radiate a light 
beam; 

a color Separating unit having four or more dichroic 
mirror surfaces which reflect different color lights, 
wherein Said mirrors are inclined to a direction in 
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which the light beam emitted from the light source 
proceeds, and are separated from one another, to Sepa 
rate the light beam emitted from the light Source into 
four or more color light beams, and having a rod type 
Structure; and 

at least one light valve to form an image by controlling the 
color light beams by units of pixels according to an 
input image Signal. 

35. The image display apparatus as claimed in claim 34, 
wherein the color Separating unit comprises four or more 
dichroic prisms having the dichroic mirror Surfaces which 
reflect different color light beams. 

36. The image display apparatus as claimed in claim 34, 
wherein the color Separating unit further comprises at least 
one polarization changer which makes at least one color 
light beam of the four or more color light beams Separated 
by the dichroic mirror Surfaces and the other color light 
beams have different polarizations. 

37. The image display apparatus as claimed in claim 36, 
wherein the polarization changer is disposed between the 
dichroic mirror Surfaces, in or on a part of an exit Surface 
where the Separated color light beams exit, or on a proceed 
ing path of at least one of the color light beams Separated by 
the dichroic mirror Surfaces. 

38. The image display apparatus as claimed in claim 36, 
wherein the light valve comprises: 

a first light valve forming an image by using at least one 
color light having one polarization; and 

a Second light valve forming an image by using other 
color light having the other polarization, and further 
comprising an image combiner to combine images 
generated by the first and Second light valves. 

39. The image display apparatus as claimed in claim 34, 
wherein the color Separating unit Separates the light beam 
emitted from the light Source into a cyan beam C, a blue 
beam B, a red beam R, and a green beam G, or a blue beam 
B, a cyan beam C, a magenta beam M, a red beam R, a green 
beam G, and a yellow beam Y. 

40. The image display apparatus as claimed in claim 34, 
further comprising a polarization aligner which is provided 
at an input end of the color Separating unit to align the light 
beam emitted from the light Source in one polarized beam to 
be incident on the color Separating unit. 

41. The image display apparatus as claimed in claim 34, 
further comprising at least one Scrolling unit to Scroll the 
color light beams Separated by the color Separating unit. 

42. The image display apparatus as claimed in claim 41, 
wherein the color Separating unit comprises at least one lens 
cell formed to convert a rotational motion thereof to a linear 
motion of a lens array. 

43. The image display apparatus as claimed in claim 42, 
wherein when at least one of the color light beams Separated 
by the color Separating unit is a first color light group and at 
least one of the other color light beams is a Second color light 
group, and wherein the color Separating unit Separates the 
first and Second color light groups from each other So that 
the light beams of the first and Second color light groups are 
incident on the Scrolling unit by being Separated from each 
other. 

44. The image display apparatus as claimed in claim 43, 
wherein the color Separating unit is provided to make the 
light beams of the first and Second color light groups have 
different polarizations. 
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45. The image display apparatus as claimed in claim 43, 
wherein the Scrolling unit comprises a Single Scrolling unit 
or a pair of Scrolling units. 

46. The image display apparatus as claimed in claim 43, 
further comprising an optical block to combine proceeding 
paths of the light beams of the first and Second color light 
groups passing through the Scrolling unit. 

47. The image display apparatus as claimed in claim 46, 
wherein the optical unit comprises: 

a first reflection Surface to reflect the light beam of one of 
the first and Second color light groups, and 

a Second reflection Surface to Selectively transmit and 
reflect the light beam of one color light group reflected 
by the first reflection surface and the light beam of the 
other color light group, So as to combine optical paths 
of the light beams. 

48. The image display apparatus as claimed in claim 46, 
wherein the optical unit is a Scroll changing prism which 
changes a Scroll direction through a process of reflecting a 
color bar to at least one color light beam passing through one 
effective area of the Scroll unit, and wherein Said Scroll 
changing prism Selectively transmits and reflects at least one 
color light incident thereon with a Scroll changed in the 
reflection process and the other color light beam passing 
through the other effective area of the Scrolling unit, and 
combines the optical paths of the light beams of the first and 
Second color light groups. 

49. The image display apparatus as claimed in claim 48, 
wherein the Scroll changing prism has a shape of an Amichi 
prism. 

50. The image display apparatus as claimed in claim 48, 
wherein the optical unit Selectively transmits and reflects at 
least one color light incident thereon with a Scroll changed 
in the reflection process and the other color light beam 
passing through the other effective area of the Scrolling unit, 
according to polarization So as to combine the optical paths 
of the light beams of the first and Second color light groups. 

51. The image display apparatus as claimed in claim 42, 
wherein the color light beams Separated by the color Sepa 
rating unit are incident on the same effective area of the 
Scrolling unit. 

52. The image display apparatus as claimed in claim 42, 
wherein at least one lens cell of the Scrolling unit is spiral. 

53. The image display apparatus as claimed in claim 52, 
wherein the at least one lens cell of the Scrolling unit is a 
cylindrical lens. 

54. The image display apparatus as claimed in claim 42, 
wherein the Scrolling unit is of a disc type. 

55. The image display apparatus as claimed in claim 54, 
wherein the Scrolling unit comprises first and Second Spiral 
lens discS Separated from each other in a direction in which 
the light beam proceeds and having the lens cell formed on 
each of the first and Second spiral discs. 

56. The image display apparatus as claimed in claim 55, 
further comprising a glass rod provided on the optical path 
between the first and Second spiral lens discs. 

57. The image display apparatus as claimed in claim 42, 
further comprising: 

at least one first cylindrical lens disposed on the optical 
path between the light Source and the Scrolling unit to 
control a width of the light beam incident on the 
Scrolling unit; and 
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at least one Second cylindrical lens disposed on the optical 
path of the light beam passing through the Scrolling unit 
to change the light beam passing through the Scrolling 
unit into a parallel beam. 

58. The image display apparatus as claimed in claim 42, 
further comprising a fly eye lens array disposed on an optical 
path of the light emitted from the Scrolling unit, to make 
color light beams Scrolled by the Scrolling unit form color 
bars in different areas. 

59. The image display apparatus as claimed in claim 58, 
further comprising a relay lens disposed on an optical path 
of the light beam passing through the fly eye lens array, to 
have the color bar formed by the fly eye lens array con 
densed at a predetermined position. 

60. The image display apparatus as claimed in claim 42, 
further comprising a Spatial filter disposed between the light 
Source and the color Separating unit to adjust a divergent 
angle of the light beam emitted from the light Source. 

61. The image display apparatus as claimed in claim 34, 
further comprising a plurality of relay lenses disposed on 
optical paths of the color light beams emitted from the color 
Separating unit to make each of the emitted color light beams 
have a predetermined divergent angle. 

62. The image display apparatus as claimed in claim 34, 
further comprising a Spatial filter disposed between the light 
Source and the color Separating unit to adjust a divergent 
angle of the light beam emitted from the light Source. 

63. A color Separating unit which Separates a light beam 
emitted from the light Source into a plurality of color light 
beams and makes at least one of the Separated color light 
beams and the other color light beams have different polar 
izations. 

64. The color Separating unit as claimed in claim 63 
comprising: 

a plurality of dichroic mirror Surfaces which reflect dif 
ferent color light beams and are inclined with respect to 
a proceeding direction of Said light beam and Separated 
from each other; and 

at least one polarization changer to make the color light 
beam and the other color light beams have different 
polarizations. 

65. The color Separating unit as claimed in claim 64, being 
of a rod type. 

66. The color Separating unit as claimed in claim 65 
comprising a plurality of dichroic prisms having the dichroic 
mirror surfaces to reflect different color light beams. 

67. The color Separating unit as claimed in claim 64, 
wherein the polarization changer is disposed between the 
dichroic mirror Surfaces, in or on a part of an exit Surface 
where the Separated color light beams exit, or on a proceed 
ing path of at least one of the color light beams Separated by 
the dichroic mirror Surfaces. 

68. The color Separating unit as claimed in claim 63, 
Separating the light beam emitted from the light Source into 
three color light beams and making at least one of the three 
Separated color light beams and the other color light beams 
have different polarizations. 

69. The color separating unit as claimed in claim 63, 
wherein when at least one of the color light beams Separated 
by the color Separating unit is a first color light group and at 
least one of the other color light beams is a Second color light 
group, the color Separating unit Separates the first and Second 
color light groups. 
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70. The color separating unit as claimed in claim 69, 
wherein the color Separating unit causes the light beams of 
the first and Second color light groups to have different 
polarizations. 

71. A color Separating unit comprising four or more 
dichroic mirror surfaces which reflect different color light 
beams, wherein Said Surfaces are inclined with respect to a 
proceeding direction of an incident light beam emitted from 
the light Source and Separated from one another, and wherein 
Said unit Separates the incident light beam into four or more 
color light beams and is of a rod type. 

72. The color Separating unit as claimed in claim 71 
comprising four or more dichroic prisms, each having one of 
the dichroic mirror Surfaces to reflect a different color light 
beam. 

73. The color Separating unit as claimed in claim 71, 
further comprising at least one polarization changer which 
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makes at least one of the four or more color light beams 
Separated by the dichroic mirror Surfaces and the other color 
light beams have different polarizations. 

274. The color Separating unit as claimed in claim 71, 
wherein when at least one of the color light beams Separated 
by the color Separating unit is a first color light group and at 
least one of the other color light beams is a Second color light 
group, the color Separating unit Separates the first and Second 
color light groups. 

75. The color separating unit as claimed in claim 74, 
wherein the color Separating unit causes the light beams of 
the first and Second color light groups have different polar 
izations. 


